SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, ATSUSHI KAWAMURA, a 
citizen of Japan residing at Kanagawa, Japan have 
invented certain new and useful improvements in 

OPTICAL SCANNING DEVICE AND IMAGE FORMING SYSTEM 
INCLUDING THE SAME 



of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 
1. Field of The Invention 

The present invention relates to an optical scanning device 
that scans an image surface within an image forming system by 
5 focusing a light beam from a light source on the image surface. 

Moreover, the present invention relates to an image forming system 
in which the optical scanning device is provided. The optical 
scanning device of the present invention is appropriate for use in 
digital copiers, laser printers and laser facsimiles. 
ff^ 10 2. Description of The Related Art 

In many conventional optical scanning devices, the optical 
parameters of each optical scanning device are optimized in order to 
N« provide good performance for all the necessary optical 

S characteristics of the optical scanning device. However, the optical 

CJ 15 characteristics, which must be corrected by the optical parameter 

optimization, include the main-scanning or sub-scanning field 
curvature, the wavefront aberration, the linearity and the scanning 
line deviation. It is difficult to achieve an easy-to-manufacture, 
cost-effective configuration of the optical scanning device while 
20 providing good performance for all the necessary optical 

characteristics. In many conventional optical scanning devices, the 
easy-to-manufacture, cost-effective configuration is traded off for 
obtaining a reasonable level of the necessary optical characteristics. 
For example, even if an optical scanning device has a certain 
25 amount of linearity, it is possible to provide the cost-effective 
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configuration and the uniform-velocity characteristics for the optical 
scanning device, Japanese Laid-Open Patent Application No. 10- 
333069 discloses such an optical scanning device. The optical 
scanning device of the above document provides good performance 
5 for the uniform-velocity characteristics (the linearity = ±0.1%). 
Moreover, Japanese Laid-Open Patent Application No. 11-64760 
discloses a similar optical scanning device. The optical scanning 
device of the above document provides good performance for the 
""'i uniform-velocity characteristics (the linearity = -0.1% to +0.2%). 

ii 10 The optical parameter optimization is a conceivable method 

for increasing the performance of the optical scanning device. 
ill However, the optimization for all the necessary optical 

kiK characteristics of the optical scanning device requires a large 

O amount of time and effort, and it is difficult to determine the easy- 

D 15 to-manufacture, cost-effective design of the optical scanning device 

while the optical parameter optimization is obtained. 

Suppose an optical scanning device that scans an image 
surface by focusing a deflected light beam from a rotary deflector 
which is rotated at a uniform-velocity. The scanning speed becomes 
20 relatively large (when compared to the uniform-velocity level) as the 
beam spot, created as a result of the focusing of the deflected light 
beam, approaches an outer peripheral end of the image surface in the 
main scanning direction. The linearity of the scanning light beam on 
the image surface has a positive value and it tends to be excessively 
25 large. A simple method for correcting the excessive linearity is that 
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a meniscus lens "L" having a convex lens surface, facing a reflection 
point "P" of a rotary deflector, and a relatively small lens power is 
located adjacent to the rotary deflector, as shown in FIG, 6, When 
the meniscus lens "L" is used, the light beam from the rotary 
5 deflector is converted at the meniscus lens "L" into a refracted light 
beam as indicated by the dotted line in FIG. 6. It is possible to 
correct the excessive linearity at the outer peripheral end of the 
image surface so as to approach the uniform-velocity characteristics 
^:;;f by using the meniscus lens "L". 

25 10 However, the convex and concave lens surfaces of the 

Zt meniscus lens "L" are not concentric with respect to the reflection 

111 

ijj point "P" of the rotary deflector, and the use of the meniscus lens 

"L" is detrimental to increasing the optical system performance of 
P| the optical scanning device. 

6 15 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an improved 
optical scanning device in which the above-described problems are 
eliminated, 

20 Another object of the present invention is to provide an 

optical scanning device that provides good performance for the 
optical characteristics by using an electrical correction unit that 
obtains the uniform-velocity characteristics, with the use of a certain 
amount of linearity at the outer peripheral end of the image surface 

25 in the main scanning direction. 



Another object of the present invention is to provide an image 
forming system in which an optical scanning device is provided such 
that the optical scanning device provides good performance for the 
optical characteristics by using an electrical correction unit that 
obtains the uniform-velocity characteristics, with the use of a certain 
amount of linearity at the outer peripheral end of the image surface 
in the main scanning direction. 

The above-mentioned objects of the present invention are 
achieved by an optical scanning device comprising: a light source 
which emits a light beam based on a pixel clock; a scanning optical 
system which scans an image surface in a main scanning direction by 
focusing a deflected light beam, derived from the light beam of the 
light source, onto the image surface as a beam spot, the scanning 
optical system providing an amount of linearity at an outer 
peripheral end of the image surface; an optical writing unit which 
controls ON/OFF state of the light source in accordance with an 
image signal; a frequency dividing unit which is connected to the 
optical writing unit and generates a secondary frequency of the pixel 
clock at an output thereof, equal to an initial frequency of the pixel 
clock at an input thereof divided by a divisor integer; and an 
electrical correction unit which adjusts the secondary frequency of 
the pixel clock at the output of the frequency dividing unit with 
respect to each of respective pixels included in the image signal, 
when the beam spot is located near the outer peripheral end of the 
image surface, so as to obtain uniform-velocity characteristics. 



The above-mentioned objects of the present invention are 
achieved by an image forming system in which an optical scanning 
device and an image forming device are provided, the image forming 
device forming a latent image on an image surface of a 
photoconductor by using a beam spot created by the optical scanning 
device, the optical scanning device comprising: a light source which 
emits a light beam based on a pixel clock; a scanning optical system 
which scans the image surface in a main scanning direction by 
focusing a deflected light beam, derived from the light beam of the 
light source, onto the image surface as the beam spot, the scanning 
optical system providing an amount of linearity at an outer 
peripheral end of the image surface; an optical writing unit which 
controls ON/OFF state of the light source in accordance with an 
image signal; a frequency dividing unit which is connected to the 
optical writing unit and generates a secondary frequency of the pixel 
clock at an output thereof, equal to an initial frequency of the pixel 
clock at an input thereof divided by a divisor integer; and an 
electrical correction unit which adjusts the secondary frequency of 
the pixel clock at the output of the frequency dividing unit with 
respect to each of respective pixels included in the image signal, 
when the beam spot is located near the outer peripheral end of the 
image surface, so as to obtain uniform-velocity characteristics. 

In the optical scanning device of the present invention, the 
scanning optical system provides an amount of linearity at the outer 
peripheral end of the image surface. The scanning speed becomes 



relatively large as the beam spot approaches the outer peripheral end 
of the image surface. In this condition, the electrical correction unit 
adjusts the secondary frequency of the pixel clock at the output of 
the frequency dividing unit with respect to each of respective pixels 
included in the image signal, so as to obtain the uniform-velocity 
characteristics. The optical scanning apparatus of the present 
invention is effective in providing good performance for the optical 
characteristics with the use of a certain amount of linearity at the 
outer peripheral end of the image surface in the main scanning 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present invention 
will be apparent from the following detailed description when read 
in conjunction with the accompanying drawings. 

FIG. 1 is a cross-sectional view of a first preferred 
embodiment of the optical scanning device of the invention taken 
along a main-scanning cross-section thereof. 

FIG. 2A and FIG. 2B are diagrams for explaining main- 
scanning field curvature and linearity characteristics of the optical 
scanning device of the present embodiment. 

FIG. 3 is a cross-sectional view of a main part of a second 
preferred embodiment of the optical scanning device of the invention 
taken along a main-scanning cross-section thereof. 

FIG. 4A and FIG. 4B are diagrams for explaining main- 



scanning field curvature and linearity characteristics of the optical 
scanning device of the present embodiment. 

FIG. 5 is a diagram of an image forming system in which one 
embodiment of the optical scanning device of the invention is 
provided, 

FIG. 6 is a diagram for explaining a conventional linearity 
correction method. 

FIG. 7 is a diagram of a third preferred embodiment of the 
optical scanning device of the invention. 

FIG. 8A and FIG. 8B are diagrams for explaining main- 
scanning field curvature and linearity characteristics of the optical 
scanning device of the present embodiment. 

FIG. 9A and FIG, 9B are diagrams for explaining beam-spot 
diameter characteristics of the optical scanning device of the present 
embodiment in the main-scanning direction. 

FIG. 10 is a diagram of a main part of a fourth preferred 
embodiment of the optical scanning device of the present invention. 

FIG. IIA and FIG. 11 B are diagrams for explaining main- 
scanning field-curvature and linearity characteristics of the optical 
scanning device of the present embodiment. 

FIG. 12 is a diagram for explaining lens height vs. lens power 
characteristics of the optical scanning device of FIG. 7. 

FIG. 13 is a diagram for explaining lens height vs. converging 
effect characteristics of the optical scanning device of FIG. 10. 



A description will now be given of preferred embodiments of 
the present invention with reference to the accompanying drawings, 

FIG. 1 shows a first preferred embodiment of the optical 
scanning device of the invention taken along a main-scanning cross- 
section thereof. 

As shown in FIG. 1, in the optical scanning device 10 of the 
present embodiment, a coupling lens 2 couples a light beam emitted 
by a light source 1, such as a laser diode, and provides a cylindrical 
lens 3 with the coupled beam. The cylindrical lens 3 converts the 
coupled beam from the coupling lens 2 into a converging beam. The 
converging beam from the cylindrical lens 3 is reflected to a rotary 
deflector 4 by a mirror such that the reflected converging beam 
forms a longitudinal line image on a reflection surface 4a of the 
rotary deflector 4, the line image extending in the main scanning 
direction. The rotary deflector 4 is rotated clockwise around a 
rotation axis 4b as indicated by the arrow in FIG. 1, and the light 
beam, reflected on the reflection surface 4a of the rotary deflector 4, 
is deflected at a constant angular velocity. The light beam from the 
rotary deflector 4 is passed through a scanning lens device 5 to an 
image surface 6 of a photoconductor (not shown). 

Hereinafter, the optical system that includes the coupling lens 
2, the cylindrical lens 3, the rotary deflector 4 and the scanning lens 
device 5, provided within the optical scanning device 10, is called a 
scanning optical system. 
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The scanning optical system, including the scanning lens 
device 5, scans the image surface 6 in the main scanning direction at 
a generally uniform velocity by focusing the deflected light beam 
from the rotary deflector 4 onto the image surface 6 as a beam spot. 
Hence, in the optical scanning device 10 of the present embodiment, 
the image surface 6 is scanned along the main scanning line in the 
main scanning direction by applying the beam spot created by the 
scanning optical system. 

In an image forming system that uses the optical scanning 
device 10 of the present embodiment, the image surface 6 is 
constituted by a surface of a photoconductor. For example, the 
photoconductor is provided in the form of a cylindrical drum or an 
endless belt within the image forming system. The image surface 6 
of the photoconductor is moved relative to the optical scanning 
device 10 at a rate synchronized with the rotation speed of the rotary 
deflector 4, in the sub-scanning direction perpendicular to the main 
scanning direction. In the image forming system, the 
photoconductor image surface 6 is electrostatically charged. When 
the image surface 6 is subjected to the optical scanning by the 
optical scanning device 10 of FIG. 1, an electrostatic latent image is 
formed on the image surface 6. For example, the latent image is 
visualized into a toned image by development of the latent image 
using electrostatically-charged toner particles. The toned image is 
electrostatically transferred from the photoconductor to a recording 
medium (usually, paper). The toner is thermally fused to the 
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recording medium. Hence, the image forming system finally forms 
the image on the recording medium. 

In the optical scanning device 10 of FIG. 1, an image signal is 
input to a laser writing unit 7. The ON/OFF state of the light source 
1 (the laser diode) is controlled by the laser writing unit 7 in 
accordance with the input image signal. A pixel clock generating 
unit 8 generates a pixel clock at a predetermined initial frequency 
that is normally a high frequency. A frequency dividing unit 9 
generates a secondary frequency of the pixel clock at its output, 
which is equal to the initial frequency of the pixel clock at its input 
(received from the pixel clock generating unit 8) divided by a 
divisor integer. The secondary frequency of the pixel clock, 
generated at the output of the frequency dividing unit 9, is lower 
than the initial frequency of the pixel clock at the input thereof. 
The pixel clock output from the frequency dividing unit 9 is 
supplied to the laser writing unit 7 concurrently with the image 
signal. The laser writing unit 7 controls the light source 1 (the laser 
diode) so that the light source 1 is turned on and off in accordance 
with the image signal based on the secondary frequency of the pixel 
clock at the output of the frequency dividing unit 9, so that the light 
source 1 emits the laser light beam based on the secondary frequenc 

In the present embodiment, the scanning lens device 5 
includes a first scanning lens 5a that is a positive lens and a second 
scanning lens 5b that is a positive lens. A refractive lens power of 
the scanning lens device 5 is allocated to the two positive lenses 
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such that the first scanning lens 5a has a lens power PI, the second 
scanning lens 5b has a lens power P2, and both the scanning lenses 
meet the requirement: PI > P2. The use of the scanning lens device 
5 that is constructed in this manner makes it possible to provide a 
small-size, increased-performance optical scanning device with low 
cost. 

In the optical scanning device 10 of the present embodiment, 
the reflection surface 4a of the rotary deflector 4 has a radius of 
curvature in the main scanning direction, indicated by "Rl" in FIG. 
1. The reflection surface 4a is identified as the 1st surface of the 
optical scanning device 10. A first surface of the first scanning lens 
5a has a radius of curvature in the main scanning direction, 
indicated by "R2", and a second surface of the first scanning lens 5a 
has a radius of curvature in the main scanning direction, indicated 
by "R3". The first and second surfaces of the first scanning lens 5a 
are identified as the 2nd and 3rd surfaces of the optical scanning 
device 10, A first surface of the second scanning lens 5b has a 
radius of curvature in the main scanning direction, indicated by 
"R4", and a second surface of the second scanning lens 5b has a 
radius of curvature in the main scanning direction, indicated by 
"R5". The first and second surfaces of the second scanning lens 5b 
are identified as the 4th and 5th surfaces of the optical scanning 
device 10. 

Further, in the present embodiment, the scanning lens device 5 
is configured such that the second surface (R3) of the first scanning 
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lens 5a and the second surface (R5) of the second scanning lens 5b 
are concentric with respect to a reflection point P of the rotary 
deflector 4 where the converging light beam from the cylindrical 
lens 3 is reflected to the image surface 6. The use of the scanning 
lens device 5 having such concentric configuration makes it possible 
to stabilize the optical system performance and increase the 
tolerance range of machining errors or assembly errors for the 
optical scanning device. Namely, the ease of manufacture of the 
optical scanning device can be increased with the use of the 
scanning lens device 5 having the concentric configuration. When 
the scanning lens device 5 having the concentric configuration is 
provided in the optical scanning device 10, the scanning speed 
becomes relatively large as the beam spot approaches the outer 
peripheral end of the image surface in the main scanning direction, 
and it is necessary to obtain the uniform-velocity characteristics. 

According to the optical scanning device 10 of the present 
embodiment, an electrical correction unit 9a is connected to the 
frequency dividing unit 9 that obtains the uniform-velocity 
characteristics. As described earlier, the scanning speed becomes 
relatively large as the beam spot approaches the outer peripheral end 
of the image surface 6 in the main scanning direction. When the 
beam spot is located adjacent to the center of the image surface 6 in 
the main scanning direction, the electrical correction unit 9 does not 
act to adjust the secondary frequency of the pixel clock at the output 
of the frequency dividing unit 9. When the beam spot is located at 
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the outer peripheral end of the image surface 6 in the main scanning 
direction, the electrical correction unit 9a adjusts the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 9 with respect to each of respective pixels included in the image 
5 signal, which will be described later. 

Even when the electrical correction unit 9a is provided in the 
optical scanning device 10, it is necessary and desirable that at least 
one of the surfaces of the scanning lens device 5 be formed into a 
pi high-order aspherical surface. A second-order aspherical lens 

10 surface can be formed by using a mechanical grinding process, 
ill However, in order for mass production of high-order aspherical lens 

111 surfaces, the use of a molding process using a molding die is 

^. suitable. Usually, an injection molding process is used when the 

^ scanning lens is made of a thermoplastic resin material, and a filling 

1^; 15 molding process is used when the scanning lens is made of a 

thermosetting resin material. In addition, when the scanning lens is 
made of a low melting-point material, such as an optical glass, the 
glass surface is formed, in advance, into an approximated shape, and 
the glass surface is coated with an optical resin material, and the 
20 coated glass surface is formed into the desired configuration by 

using a molding process. The mass production of the scanning lens 
with low cost is possible. 

In summary, the optical scanning device of the present 
embodiment is provided with the scanning lens device 5 that is 
25 configured such that the second surface (R3) of the first scanning 
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lens 5a and the second surface (R5) of the second scanning lens 5b 
are concentric with respect to the reflection point P of the rotary 
deflector 4. Because of the concentric configuration, in the optical 
scanning device of the present embodiment, the excessive linearity 
is left, and it is necessary to correct it. In order to obtain the 
uniform-velocity characteristics, the electrical correction unit 9a is 
connected to the frequency dividing unit 9 in the present 
embodiment. 

Preferably, the linearity "Lin", remaining in the optical 
scanning device of the present embodiment, satisfies the conditions: 
0.5 % ^ ILinI S 10 %. When the linearity "Lin" is around 0.1 % as 
in the conventional optical scanning device, it is admitted that the 
optical scanning device provides good performance for the uniform- 
velocity characteristics. 

In the present embodiment, when the linearity "Lin" is larger 
than the lower limit (0.5 %) and smaller than the upper limit (10%), 
the excessive linearity can be easily corrected by using the electrical 
correction unit 9a. However, when the linearity is less than the 
lower limit, the electrical correction unit 9a is not effective in 
obtaining the uniform-velocity characteristics. 

Moreover, when the linearity "Lin" is larger than the upper 
limit (10 %), it is found that the deviation of the beam waist 
diameter at the peripheral image point from the target value becomes 
excessively large, and it is difficult to obtain the uniform-velocity 
characteristics even if the electrical correction unit 9a is used. 
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Specifically, in the optical scanning device shown in FIG. 1, 
the scanning lens device 5 is configured such that the linearity "Lin" 
is a positive value and satisfies the conditions: 0.5 % ^ Lin ^ 10 %, 
and that the second surface (R3) of the first scanning lens 5a and the 
second surface (R5) of the second scanning lens 5b are concentric 
with respect to the reflection point P of the rotary deflector 4. In 
order to obtain the uniform-velocity characteristics, the electrical 
correction unit 9a is provided in the present embodiment so that the 
electrical correction unit 9a adjusts the secondary frequency of the 
pixel clock of the frequency dividing unit 9 with respect to each of 
respective pixels included in the image signal. Hence, it is possible 
for the present embodiment to avoid the use of the meniscus lens 
"L", shown in FIG. 6, which has the non-concentric configuration 
and is detrimental to increasing the performance of the optical 
scanning device. 

A description will be given of the specifications and 
characteristics of the optical scanning device 10 of the first 
preferred embodiment. 

In the embodiment shown in FIG. 1, the reference wavelength 
of the laser light beam emitted by the light source 1 is 410 nm, and 
the angle between the optical axis of the coupling lens 2 and the 
optical axis of the scanning lens device 5 is 60 degrees. The rotary 
deflector 4 is constituted by a rotary deflector having five reflection 
surfaces, and one of the reflection surfaces is used as the reflection 
surface 4a during the rotation of the rotary deflector around the 
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rotation axis 4b. The distance between the rotation axis 4b and the 
reflection surface 4a in the rotary deflector 4 is 20 mm. The 
rotation angle of the deflector 4 when the light beam from the light 
source 1 is directed along the optical axis of the scanning lens 
device 5 (or the reference line X) is 30 degrees. The scanning width 
Y of the optical scanning device 10 is ±150 mm, which corresponds 
to the width of an A3-size sheet. 

In the scanning lens device 5 shown in FIG. 1, each of the 
first and second scanning lenses 5a and 5b is made of a polyolefin 
resin and formed by using a molding process. The scanning lens 
device 5 is configured such that the second surface (R3) of the first 
scanning lens 5a and the second surface (R5) of the second scanning 
lens 5b are concentric with respect to the reflection point P of the 
rotary deflector 4. The first surface (R2) of the first scanning lens 
5a and the first surface (R4) of the second scanning lens 5b are non- 
concentric with respect to the reflection point P of the rotary 
deflector 4. The number of the concentric lens surfaces in the 
scanning lens device 5 is the same as the number of the non- 
concentric lens surfaces in the scanning lens device 5. 

Further, in the embodiment shown in FIG. 1, all the lens 
surfaces of the scanning lens device 5 are formed into a high-order 
aspherical surface. The high-order aspherical surface of each of the 
lens surfaces of the scanning lens device 5 in the main-scanning 
cross-section is defined by the following formula. 
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■ l+^i-(l+R)C^Y^ " 

wherein "X" indicates a coordinate of a point on the 
aspherical surface in the direction of the optical axis of the scanning 
lens device 5, "Y" indicates a coordinate of the point on the 
aspherical surface in the main scanning direction, "R" indicates a 
radius of curvature of the aspherical surface paraxial to the optical 
axis of the scanning lens device 5, "C" indicates an inverse number 
of "R", "K" indicates a "conical" coefficient, "M4", "M6", 
"M16" indicate high-order coefficients. 

The high-order aspherical surface of each of the lens surfaces 
of the scanning lens device 5 in the sub-scanning cross-section is not 
related to the aspect of the present invention, and a description 
thereof will be omitted. 

The following TABLE 1 provides specific values of the optical 
system parameters of the optical scanning device 10 of the first 
preferred embodiment. 
TABLE 1: 

First Preferred Embodiment (reference wavelength: 410 nm) 



I 


R(I) 


D(I) 


N( r )d 


N ( 1 )410 


V ( I )d 


1 


CO 


72 








2 


2144.2 


35 


1 ,53046 


1 .54568 


55.8 


3 


-156.94 


64. a 








4 


977. 


14.4 


1.53046 


1.54568 


55,8 


5 


-1555. 











In the above TABLE 1, "I" indicates the surface number of the 
optical scanning device 10, "R(I)" indicates a radius of curvature of 
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the I-th surface of the optical scanning device 10 in the main 
scanning direction, "D(I)" indicates a distance between the I-th 
surface and the (I+l)-th surface, "N(I)d" indicates a refractive index 
of the scanning lens between the I-th surface and the (I+l)-th 
surface (d-line), "N(I)410" indicates a refractive index of the 
scanning lens between the I-th surface and the (I+l)-th surface 
(reference wavelength 410 nm), and "v(I)d" indicates an Abbe's 
number of the scanning lens between the I-th surface and the (I+l)- 
th surface (d-line). 

The following TABLE 2 provides specific values of the 
conical coefficient K and high-order coefficients M4 through M16 of 
each of the high-order aspherical surfaces of the scanning lens 
device 5 of the first preferred embodiment. 
TABLE 2: 

First Preferred Embodiment 



1 


K 


M4 


MB 


MS 


MTO 


M12 


MJ4 


Mie 


2 


533. 


5.42E-OS 


3.nE-]Z 


3,49E-16 


' -7,41£-21 


3,85E-25 






3 




4.40E-08 


6.69E-12 


4.18E-1S 


e,0SE-20 


6,38E-25 






4 




'9.73E-09 


3.43E-i3 


7.87E-17 




1.2LE-25 


l,08E-29 


3,04E-36 


5 


34,] 


-2.17EH3S 


l,25£-12 


3,17E-17 


3,'15E-21 


2.49E-25 


i.&8E-29 


-7.40E-36 



In the above TABLE 2, the specific values of the high-order 
coefficients related to each aspherical surface are given by using a 
scientific notation. For example, the scientific notation "5.42E-08", 
given to the high-order coefficient M4 of the 2nd surface, represents 
the product of the decimal fraction number 5.42 and 10'^. 

FIG. 2A shows the main-scanning field curvature of the 
optical scanning device 10 of FIG. 1. FIG. 2B shows the linearity of 
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the optical scanning device 10 of FIG. 1. As shown in FIG. 2A, the 
main-scanning field curvature of the optical scanning device 10 is 
about 0.097 mm at the maximum. As shown in FIG. 2B, the linearity 
at the outer peripheral end of the image surface is about +3.5 %. It 
is found that the optical scanning device 10 provides good 
performance for the wavefront aberration. 

In the optical scanning device 10 of the present embodiment, 
when the beam spot is located near the center of the image surface 6 
in the main scanning direction, the pixel clock generating unit 8 
generates the pixel clock at the initial frequency. As shown in FIG. 
2B, the linearity "Lin" at the center of the image surface 6 is nearly 
equal to zero. The frequency dividing unit 9 generates the 
secondary frequency of the pixel clock at its output, which is equal 
to the initial frequency of the pixel clock at its input divided by 
eight (the divisor integer = 8), The pixel clock output from the 
frequency dividing unit 9 is supplied to the laser writing unit 7 
concurrently with the image signal. The laser writing unit 7 controls 
the light source 1 (the laser diode) so that the light source 1 is 
turned on and off in accordance with the image signal based on the 
secondary frequency of the pixel clock at the output of the frequency 
dividing unit 9. Hence, the light source 1 emits the laser light beam 
based on the secondary frequency. In this condition, the electrical 
correction unit 9 does not act to adjust the secondary frequency of 
the pixel clock at the output of the frequency dividing unit 9. 
Namely, the secondary frequency, which is the frequency at which 
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the ON/OFF state of the light source 1 is controlled by the optical 
writing unit 7, is set at one-eighth of the initial frequency of the 
pixel clock generating unit 8. 

On the other hand, when the beam spot is located near the 
outer peripheral end of the image surface 6 in the main scanning 
direction, the electrical correction unit 9a adjusts the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 9 with respect to each of respective pixels included in the image 
signal. As shown in FIG. 2B, the linearity "Lin" at the outer 
peripheral end of the image surface 6 is increased to 3.5 %. In this 
condition, Lin = 3.5 % = 3.5/100 = 2/56 = 2/(8x7). Specifically, 
the electrical correction unit 9a controls the frequency dividing unit 
9 such that the secondary frequency of the pixel clock at the output 
of the frequency dividing unit 9 is set at one seventh of the initial 
frequency of the pixel clock generating unit 8 (i.e., the division 
divisor integer is seven) at the rate of 2 : 7 (i.e., at the rate of two 
for every seven pixel clocks), and the secondary frequency is set at 
one eighth of the initial frequency (i.e., the divisor integer is eight) 
at the rate of 5 : 7 (i.e., at the rate of five for every seven pixel 
clocks). 

According to the optical scanning device of the above- 
described embodiment, it is possible to provide good performance 
for the optical characteristics by using the electrical correction unit 
9a that obtains the uniform-velocity characteristics with the use of a 
certain amount of the linearity at the outer peripheral end of the 
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image surface 6. 

Next, FIG. 3 shows a main part of a second preferred 
embodiment of the optical scanning device of the invention taken 
along a main-scanning cross-section thereof. 

In FIG. 3, the light source 1, the coupling lens 2, the 
cylindrical lens 3, the laser v/riting unit 7, the pixel clock generating 
unit 8, the frequency dividing unit 9 and the electrical correction 
unit 9a in the optical scanning device lOA of the present 
embodiment, which are essentially the same as corresponding 
elements in the previous embodiment of FIG. 1, are omitted and only 
the other elements of the optical scanning device lOA of the present 
embodiment are shown, for the sake of simplicity of illustration. 

In the optical scanning device lOA of FIG, 3, the converging 
beam from the cylindrical lens is reflected to a rotary deflector 14 
such that the reflected converging beam forms a longitudinal line 
image on a reflection surface 14a of the rotary deflector 14, the line 
image extending in the main scanning direction. The rotary 
deflector 14 is rotated clockwise around a rotation axis 14b as 
indicated by the arrow in FIG. 3, and the light beam, reflected on the 
reflection surface 14a of the rotary deflector 14, is deflected at a 
constant angular velocity. The light beam from the rotary deflector 
14 is passed through a scanning lens device 15 to an image surface 
16 of a photoconductor (not shown). 

Hereinafter, the optical system that includes the coupling lens 
2, the cylindrical lens 3, the rotary deflector 14 and the scanning 
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lens device 15, provided within the optical scanning device lOA, is 
called a scanning optical system. 

The scanning optical system, including the scanning lens 
device 15, scans the image surface 16 in the main scanning direction 
at a generally uniform velocity by focusing the deflected light beam 
from the rotary deflector 14 onto the image surface 16 as a beam 
spot. Hence, in the optical scanning device lOA of the present 
embodiment, the image surface 16 is scanned along the main 
scanning line in the main scanning direction by applying the beam 
spot created by the scanning optical system. 

The scanning lens device 15 includes a first scanning lens 15a 
that is a positive lens and a second scanning lens 15b that is a 
positive lens. A refractive lens power of the scanning lens device 5 
is allocated to the two positive lenses 15a and 15b. In the present 
embodiment, the scanning lens device 15 is configured such that the 
first and second surfaces (R2, R3) of the first scanning lens 15a and 
the first and second surfaces (R4, R5) of the second scanning lens 
15b are concentric with respect to a reflection point P of the rotary 
deflector 14 where the converging light beam from the cylindrical 
lens is reflected to the image surface 16. There is no non-concentric 
lens surface in the scanning lens device 15. The use of the scanning 
lens device 15 having such concentric configuration makes it 
possible to stabilize the optical system performance and increase the 
tolerance range of machining errors or assembly errors for the 
optical scanning device. Namely, the ease of manufacture of the 
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optical scanning device can be increased with the use of the 
scanning lens device 15 having the concentric configuration. When 
the scanning lens device 15 having the concentric configuration is 
provided in the optical scanning device lOA, the scanning speed 
becomes relatively large as the beam spot approaches the outer 
peripheral end of the image surface 16 in the main scanning 
direction, and it is necessary to obtain the uniform-velocity 
characteristics. Similar to the previous embodiment of FIG. 1, the 
electrical correction unit 9a is provided in the optical scanning 
device lOA for this purpose, which will be described later. 

The following TABLE 3 provides specific values of the optical 
system parameters of the optical scanning device lOA of the second 
preferred embodiment. 
TABLE 3: 

Second Preferred Embodiment (reference wavelength: 650 nm) 



T 




D(I) 


N( r )d 


N( r )65a' 


V ( I )d 


1 


CO 


49.5 








2 


-194.5 


IS 


1.53046 


1.52787 


55.8 


3 


[ -58.2 


52 








4 


-660. 


4,5 


K53046 


K52787 


55.8 


5 


-330. 











In the above TABLE 3, the notation is the same as that of the 
TABLE 1, and a description thereof will be omitted. 

The following TABLE 4 provides specific values of the 
conical coefficient K and high-order coefficients M4 through MIO of 
each of the high-order aspherical surfaces of the scanning lens 
device 15 of the second preferred embodiment. 
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TABLE 4: 

Second Preferred Embodiment 



r 


K 


M 4 


M 6 


U 8 


MlO 


2 


-3,87 


1.31E-07 


-3.65E-^i2 


-2.47E-13 


5.61E-17 


3 


-0.07 


5.70E-07 


-2,64E'-11 


5.13E-15 


-4.33E-I9 


4 


-30. 


-1.16E-07 


-I.IOE-II 


-1.26E-15 


1.90E-I9 


5 


f -90. 


-2.31E-07 


-7.21E-12 


-4.62E-16 


-5,33E-20 



In the above TABLE 4, the notation is the same as that of the 
TABLE 2 in the previous embodiment, and a description thereof will 
be omitted. 

A description vv^ill be given of the specifications and 
characteristics of the optical scanning device lOA of the second 
preferred embodiment. However, the description of the present 
embodiment in FIG. 3 that are essentially the same as that of the 
previous embodiment in FIG. 1 will be omitted, and only the 
description of the present embodiment in FIG. 3 that is different 
from that of the previous embodiment in FIG. 1 will now be 
provided. 

In the optical scanning device lOA shown in FIG. 3, the 
reference wavelength of the laser light beam emitted by the light 
source is 650 nm. The rotary deflector 14 is constituted by a rotary 
deflector having six reflection surfaces, and one of the reflection 
surfaces is used as the reflection surface 14a during the rotation of 
the rotary deflector 14 around the rotation axis 14b. The distance 
between the rotation axis 14b and the reflection surface 14a in the 
rotary deflector 14 is 18 mm. The rotation angle of the deflector 14 
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when the light beam from the light source is directed along the 
optical axis of the scanning lens device 15 (or the reference line X) 
is 30 degrees. The scanning width Y of the optical scanning device 
lOA is ±105 mm, which corresponds to the width of an A4-size 
sheet. In the above TABLE 3, "N(I)650" indicates a refractive index 
of the scanning lens between the I-th surface and the (I+l)-th 
surface (reference wavelength 650 nm). 

FIG. 4A shows the main-scanning field curvature of the 
optical scanning device lOA of FIG. 3. FIG. 4B shows the linearity 
of the optical scanning device lOA of FIG. 3. As shown in FIG. 4A, 
the main-scanning field curvature of the optical scanning device lOA 
is about 0.057 mm at the maximum. As shown in FIG. 4B, the 
linearity at the outer peripheral end of the image surface is about 
+5.0 %, It is found that the optical scanning device lOA provides 
good performance for the wavefront aberration. 

In the optical scanning device lOA of the present embodiment, 
when the beam spot is located near the center of the image surface 
16 in the main scanning direction, the pixel clock generating unit 8 
generates the pixel clock at the initial frequency. As shown in FIG. 
4B, the linearity "Lin" at the center of the image surface 6 is nearly 
equal to zero. The frequency dividing unit 9 generates the 
secondary frequency of the pixel clock at its output, which is equal 
to the initial frequency of the pixel clock at its input divided by 
eight (the divisor integer = 8). The pixel clock output from the 
frequency dividing unit 9 is supplied to the laser writing unit 7 
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concurrently with the image signal. The laser writing unit 7 controls 
the light source (the laser diode) so that the light source is turned on 
and off in accordance with the image signal based on the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 9, so that the light source emits the laser light beam based on 
the secondary frequency. In this condition, the electrical correction 
unit 9 does not act to adjust the secondary frequency of the pixel 
clock at the output of the frequency dividing unit 9, similar to that 
of the previous embodiment of FIG. 1. Namely, the secondary 
frequency, which is the frequency at which the ON/OFF state of the 
light source is controlled by the optical writing unit 7, is set at one- 
eighth of the initial frequency of the pixel clock generating unit 8. 

On the other hand, when the beam spot is located near the 
outer peripheral end of the image surface 16 in the main scanning 
direction, the electrical correction unit 9a adjusts the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 9 with respect to each of respective pixels included in the image 
signal. As shown in FIG. 4B, the linearity "Lin" at the outer 
peripheral end of the image surface 6 is increased to 5.0 %. In this 
condition, Lin = 5.0 % = 5/100 = 2/40 = 2/(8x5). Namely, when the 
beam spot is located near the outer peripheral end of the image 
surface, the electrical correction unit 9a controls the frequency 
dividing unit 9 such that the secondary frequency of the pixel clock 
at the output of the frequency dividing unit 9 is set at one seventh of 
the initial frequency of the pixel clock generating unit 8 (i.e., the 
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divisor integer is seven) at the rate of 2 : 5, and the secondary 
frequency is set at one eighth of the initial frequency (i.e., the 
divisor integer is eight) at the rate of 3 : 5. 

According to the optical scanning device of the above- 
described embodiment, it is possible to provide good performance 
for the optical characteristics by using the electrical correction unit 
9a that obtains the uniform-velocity characteristics with the use of 
the remaining linearity at the outer peripheral end of the image 
surface 16. 

FIG. 5 shows an image forming system in which one 
embodiment of the optical scanning device of the invention is 
provided. 

As shown in FIG. 5, the image forming system of the present 
embodiment is a digital copier 120. The digital copier 120 includes 
a main body 121, and an optical reading device 122 is provided 
within the main body 121. The optical scanning device 10 of the 
present invention is also provided within the main body 121. The 
optical scanning device 10 scans an image surface of a 
photoconductor 125 by an imaging pattern of the laser light beam 
based on image data that is generated from an original image by the 
optical reading device 122. 

In the digital copier 120 of FIG. 5, the photoconductor 125 is 
provided in an image forming device 124. The photoconductor 125 
is rotated about its rotation axis, and the image surface of the 
photoconductor 125 is moved relative to the optical scanning device 
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10, at a rate synchronized with the rotation speed of the rotary 
deflector 4, in the sub-scanning direction perpendicular to the main 
scanning direction. The surface of the photoconductor 125 is 
electrostatically charged. When the image surface of the 
photoconductor 125 is subjected to the optical scanning by the 
optical scanning device 10, an electrostatic latent image is formed 
on the image surface of the photoconductor 125. The latent image is 
visualized into a toned image by a developing device 126 using 
electrostatically-charged toner particles. 

The toned image is electrostatically transferred from the 
photoconductor 125 to a recording sheet S. A sheet supplying 
device 123 containing recording sheets is provided at a lower 
position of the main body 121. A sheet feeding roller 127 is 
provided at an end portion of the sheet supplying device 123, and, 
by controlling the sheet feeding roller 127, the recording sheet S is 
sent from the sheet supplying device 123 to the photoconductor 125 
one after another. 

After the image transferring is performed, the recording sheet 
S is sent to a fixing device 128, and the toner is thermally fused to 
the recording sheet S at the fixing device 128. A pair of ejection 
rollers 129 is provided at the output of the fixing device 128, and 
the recording sheet S is sent to an external ejection tray 130 by the 
ejection rollers 129. Hence, the image forming system 120 forms 
the image on the recording sheet S. 

When the digital copier 120 operates in a dual-copy mode, the 
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recording sheet S from a reverse transport path 131 is transported to 
a dual-copy tray 133 of a dual-copy device 132. In the dual-copy 
device 132, the recording sheet S is turned upside down^ and the 
recording sheet S from the dual-copy device 132 is transported to 
the image forming device 124 via a dual-copy transport path 134. 
The image forming process is performed again on the back surface 
of the recording sheet S at the image forming device 124. Then, the 
recording sheet S passes through the fixing device 128 and is ejected 
to the ejection tray 130. 

The image forming system in vv^hich the optical scanning 
device of the present invention is provided is not limited to the 
above-described embodiment. The optical scanning device of the 
present invention is applicable to another image forming system 
such as a facsimile or a printer. 

Next, a description will be given of a third preferred 
embodiment of the optical scanning device of the invention. 

The image surface characteristics of the optical scanning 
device include the beam spot depth and the beam waste diameter. In 
the case of an optical scanning device that provides good 
performance for the wavefront aberration and the linearity, the beam 
waste diameter in the main scanning direction is maintained at a 
generally constant level but the beam spot depth in the main 
scanning direction becomes relatively small as the beam spot 
approaches the outer peripheral end of the image surface in the main 
scanning direction. In the case of the optical scanning device of the 
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present invention that provides good performance for the wavefront 
aberration and contains a certain amount of the linearity, variations 
of the beam waste diameter in the main scanning direction may take 
place. The linearity is a kind of representation of distortion 
aberration, and it can be assumed that the linearity varies depending 
on the 3rd or higher order pov^er of the field angle. Based on the 
above-mentioned aspect, the optical scanning device of the present 
embodiment is configured to provide good performance for the 
optical characteristics by using the correction of the linearity around 
the outer peripheral end of the image surface in the main scanning 
direction in addition to the use of the electrical correction unit that 
obtains the uniform-velocity characteristics, 

FIG. 7 shows the third preferred embodiment of the optical 
scanning device of the invention. As shown in FIG. 7, a coupling 
lens 20 couples a light beam emitted by a light source 11 (laser 
diode), and provides a cylindrical lens 30 with the coupled beam. 
The cylindrical lens 30 converts the coupled beam from the coupling 
lens 20 into a converging beam. The converging beam from the 
cylindrical lens 30 is reflected to a rotary deflector 40 by a mirror 
such that the reflected converging beam forms a longitudinal line 
image on a reflection surface of the rotary deflector 40, the line 
image extending in the main scanning direction. The rotary 
deflector 40 is rotated clockwise around its rotation axis as indicated 
by the arrow in FIG. 7. The light beam, reflected on the reflection 
surface of the deflector 40 is deflected at a constant angular velocity. 



- 32- 



The light beam from the rotary deflector 40 is passed through a 
scanning lens device 50 to an image surface 60 of a photoconductor 
(not shown). 

Hereinafter, the optical system that includes the coupling lens 
20, the cylindrical lens 30, the rotary deflector 40 and the scanning 
lens device 50, provided within the optical scanning device of the 
present embodiment, is called a scanning optical system. 

The scanning optical system, including the scanning lens 
device 50, scans the image surface 60 in the main scanning direction 
at a generally uniform velocity by focusing the deflected light beam 
from the rotary deflector 40 onto the image surface 60 as a beam 
spot. Hence, in the optical scanning device of the present 
embodiment, the image surface 60 is scanned along the main 
scanning line in the main scanning direction by applying the beam 
spot created by the scanning optical system. 

Further, in the optical scanning device of FIG. 7, a laser 
writing unit 70, a pixel clock generating unit 80, a frequency 
dividing unit 90 and an electrical correction unit 90a, which are 
essentially the same as corresponding elements in the previous 
embodiment of FIG. 1, are provided, and a description thereof will 
be omitted. 

The scanning lens device 50 includes a first scanning lens 51 
that is a positive lens and a second scanning lens 52 that is a 
positive lens. A refractive lens power of the scanning lens device 50 
is allocated to the two positive lenses. In the present embodiment. 
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the scanning lens device 50 is configured such that the first and 
second surfaces (R2, R3) of the first scanning lens 15a and the first 
and second surfaces (R4, R5) of the second scanning lens 15b are 
concentric with respect to the reflection point of the rotary deflector 
40 where the converging light beam from the cylindrical lens is 
reflected to the image surface 60. There is no non-concentric lens 
surface in the scanning lens device 50. The use of the scanning lens 
device 50 having such concentric configuration makes it possible to 
stabilize the optical system performance and increase the tolerance 
range of machining errors or assembly errors for the optical 
scanning device. Namely, the ease of manufacture of the optical 
scanning device can be increased with the use of the scanning lens 
device 50 having the concentric configuration. When the scanning 
lens device 50 having the concentric configuration is provided in the 
optical scanning device, the scanning speed becomes relatively large 
as the beam spot approaches the outer peripheral end of the image 
surface 60 in the main scanning direction, and it is necessary to 
obtain the uniform-velocity characteristics. Similar to the previous 
embodiment of FIG. 1, the electrical correction unit 90a is provided 
in the optical scanning device of the present embodiment for this 
purpose, which will be described later. 

In the embodiment shown in FIG. 7, the reference wavelength 
of the laser light beam emitted by the light source 11 is 408 nm, and 
the angle between the optical axis of the coupling lens 20 and the 
optical axis of the scanning lens device 50 is 60 degrees. The rotary 
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deflector 40 is constituted by a rotary deflector having five 
reflection surfaces, and one of the reflection surfaces is used as the 
reflection surface during the rotation of the rotary deflector 40 
around the rotation axis. The distance between the rotation axis and 
the reflection surface in the rotary deflector 40 is 18 mm. The 
rotation angle of the deflector 4 when the light beam from the light 
source 11 is directed along the optical axis of the scanning lens 
device 50 (or the reference line X) is 30 degrees. The scanning 
width Y of the optical scanning device of the present embodiment is 
±150 mm, which corresponds to the width of an A3-size sheet. 

In the scanning lens device 50 shown in FIG. 7, each of the 
first and second scanning lenses 51 and 52 is made of a polyolefin 
resin and formed by using a molding process. The number of the 
concentric lens surfaces in the scanning lens device 50 is larger than 
the number of the non-concentric lens surfaces in the scanning lens 
device 50. 

Further, in the embodiment shown in FIG. 7, all the lens 
surfaces of the scanning lens device 50 are formed into a high-order 
aspherical surface. The high-order aspherical surface of each of the 
lens surfaces of the scanning lens device 50 in the main-scanning 
cross-section is defined by the formula which is the same as that 
given in the previous embodiment of FIG. 1. The high-order 
aspherical surface of each of the lens surfaces of the scanning lens 
device 50 in the sub-scanning cross-section is not related to the 
aspect of the present invention, and a description thereof will be 
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omitted. 

The following provides specific values of the optical system 
parameters of the optical scanning device of the third preferred 
embodiment: 

The distance between the reflection point of the deflector 40 
and the first surface (Rl) of the first scanning lens 51 is 64.9 mm. 
The first surface (Rl) of the first scanning lens 51: 



M4 2.19E-08 

M6 -3.60E-12 

M8 -3.52E-16 

MIO -2.52E-20 

M12 2.29E-24 



(wherein "R" indicates a radius of curvature of the aspherical 
surface paraxial to the optical axis of the scanning lens device 50, 
"K" indicates a "conical" coefficient, and "M4", "M6", "M12" 
indicate high-order coefficients.) 

The second surface (R2) of the first scanning lens 51: 



R 



-835.5 



K 



0. 



R 



-120.18 



K 



-2.54 



M4 



-1.51E-07 



M6 



3.40E-12 



M8 



-2.69E-16 



MIO -4.07E-20 
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M12 -7.56E-24 
The thickness of the first scanning lens 51 across the optical 
axis is 30 mm. 

The distance between the first scanning lens 51 and the second 
scanning lens 52 is 55.8 mm. 

The first surface (R3) of the second scanning lens 52: 
R -5000.0 
K 0.0 
M4 -3.07E-08 
M6 -1.29E-13 
MS -8.70E-18 
MIO -1.13E-21 
M12 -4.58E-26 
M14 1.13E-30 
M16 -1.94E-34 
The second surface (R4) of the second scanning lens 52: 
R -600.4 
K -6.79 
M4 -3.86E-08 
M6 -1.16E-13 
M8 -4.20E-17 
MIO 1.50E-22 
M12 -8.83E-26 
M14 4.97E-30 
M16 -3.72E-34 
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The thickness of the second scanning lens 52 across the 
optical axis is 12 mm. 

The distance between the second surface (R4) of the second 
scanning lens 52 and the image surface 60 is 167.5 mm. 

The refractive index "Nd" of each of the scanning lens 51 and 
52 (d-line) is 1.53046. 

The refractive index "N408" of each of the scanning lens 51 
and 52 (reference wavelength = 408 nm) is 1.54598. 

The Abbe's number "vd" of each of the scanning lens 51 and 
52 (d-line) is 55.8. 

FIG. 8A and FIG. 8B show the main-scanning field curvature 
and linearity characteristics of the optical scanning device of FIG. 7. 

As shown in FIG. 8B, the maximum amount of linearity (Lm) 
over the entire image surface 60 (around the point corresponding to 
the image height Y = dtllO mm) is about +1.7%, and the amount of 
linearity (Le) at the outer peripheral end of the image surface 
(corresponding to the image height Y = ±150 mm) is about +0.9%. 

FIG. 9A and FIG. 9B show the beam-spot diameter 
characteristics of the optical scanning device of FIG. 7 in the main- 
scanning direction. Although small variations of the beam waste 
diameter due to the changes of the linearity take place, the 
magnitude of the changes of the beam waste diameter is sufficiently 
small, and the influence on the beam spot density at the outer 
peripheral end of the image surface is negligible. The beam spot 
diameter over the entire image surface is maintained at a generally 
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constant level that is about 15 Urn, and variations of the beam spot 
diameter which are negligible. 

In the optical scanning device of the present embodiment, 
when the beam spot is located near the center of the image surface 
5 60 in the main scanning direction, the pixel clock generating unit 80 
generates the pixel clock at the initial frequency. As shown in FIG. 
8B, the linearity at the center of the image surface 60 is nearly equal 
to zero. The frequency dividing unit 90 generates the secondary 
frequency of the pixel clock at its output, which is equal to the 

10 initial frequency of the pixel clock at its input divided by eight (the 
divisor integer = 8). The pixel clock output from the frequency 
dividing unit 90 is supplied to the laser writing unit 70 concurrently 
with the image signal. The laser writing unit 70 controls the light 
source 11 (the laser diode) so that the light source 11 is turned on 

15 and off in accordance with the image signal based on the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 90. Hence, the light source 11 emits the laser light beam based 
on the secondary frequency. In this condition, the electrical 
correction unit 90a does not act to adjust the secondary frequency of 

20 the pixel clock at the output of the frequency dividing unit 90. 

Namely, the secondary frequency, which is the frequency at which 
the ON/OFF state of the light source 1 is controlled by the optical 
writing unit 70, is set at one-eighth of the initial frequency of the 
pixel clock generating unit 80. 

25 When the beam spot is located near the maximum-linearity 
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point of the image surface 60 (image height Y == ±110 mm), the 
electrical correction unit 90a adjusts the secondary frequency of the 
pixel clock at the output of the frequency dividing unit 90 with 
respect to each of respective pixels included in the image signal. As 
shown in FIG. 8B, the linearity at the maximum-linearity point of 
the image surface 60 (image height Y = ±110 mm) is set at about 
1.7 %. In this condition, L = 1.7 % = 1.7/100 = 1/56 = 1/(8x7). 
Specifically, the electrical correction unit 90a controls the frequency 
dividing unit 90 such that the secondary frequency of the pixel clock 
at the output of the frequency dividing unit 90 is set at one seventh 
of the initial frequency of the pixel clock generating unit 80 (i.e., 
the divisor integer is seven) at the rate of 1 : 7, and the secondary 
frequency is set at one eighth of the initial frequency (i.e., the 
divisor integer is eight) at the rate of 6 : 7. 

When the beam spot is located near the outer peripheral end of 
the image surface 60 in the main scanning direction (image height Y 
- ±150 mm), the electrical correction unit 90a adjusts the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 90 with respect to each of respective pixels included in the 
image signal. As shown in FIG. 8B, the linearity at the outer 
peripheral end of the image surface 6 (image height Y = ±150 mm) 
is set at about 0.9 %. In this condition, L = 0.9 % = 0.9/100 % 
1/112 = 1/(8x14). Specifically, the electrical correction unit 90a 
controls the frequency dividing unit 90 such that the secondary 
frequency of the pixel clock at the output of the frequency dividing 
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unit 90 is set at one seventh of the initial frequency of the pixel 
clock generating unit 80 (i.e., the division divisor integer is seven) 
at the rate of 1 : 14, and the secondary frequency is set at one eighth 
of the initial frequency (i.e., the divisor integer is eight) at the rate 
of 13 : 14. 

According to the optical scanning device of the above- 
described embodiment, it is possible to provide good performance 
for the optical characteristics by using the electrical correction unit 
90a that obtains the uniform-velocity characteristics with the use of 
a certain amount of the linearity at the outer peripheral end or the 
maximum-linearity point of the image surface 60. 

Next, FIG. 10 shows a main part of a fourth preferred 
embodiment of the optical scanning device of the present invention. 

In FIG. 10, the light source 11, the coupling lens 20, the 
cylindrical lens 30, the rotary deflector 40, the laser writing unit 70, 
the pixel clock generating unit 80, the frequency dividing unit 90 
and the electrical correction unit 90a in the optical scanning device 
of the present embodiment, which are essentially the same as 
corresponding elements in the previous embodiment of FIG. 7, are 
omitted and only the scanning lens device 50 of the optical scanning 
device of the present embodiment are shown, for the sake of 
simplicity of illustration. 

As shown in FIG. 10, the light beam, reflected on the 
reflection surface of the rotary deflector, is deflected at a constant 
angular velocity, and the deflected light beam from the rotary 
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deflector is passed through the scanning lens device 50 to the image 
surface of a photoconductor (not shown). Hereinafter, the optical 
system that includes the coupling lens 20, the cylindrical lens 30, 
the rotary deflector 40 and the scanning lens device 50, provided in 
the optical scanning device of the present embodiment, is called a 
scanning optical system. 

In the embodiment shown in FIG. 10, the reference wavelength 
of the laser light beam emitted by the light source 11 is 408 nm, and 
the angle between the optical axis of the coupling lens 20 and the 
optical axis of the scanning lens device 50 is 60 degrees. The rotary 
deflector 40 is constituted by a rotary deflector having five 
reflection surfaces, and one of the reflection surfaces is used as the 
reflection surface during the rotation of the rotary deflector 40 
around the rotation axis. The distance between the rotation axis and 
the reflection surface in the rotary deflector 40 is 18 mm. The 
rotation angle of the deflector 4 when the light beam from the light 
source 11 is directed along the optical axis of the scanning lens 
device 50 (or the reference line X) is 30 degrees. The scanning 
width Y of the optical scanning device of the present embodiment is 
±150 mm, which corresponds to the width of an A3-size sheet. 

In the scanning lens device 50 shown in FIG. 10, each of the 
first and second scanning lenses 51 and 52 is made of a polyolefin 
resin and formed by using a molding process. The number of the 
concentric lens surfaces in the scanning lens device 50 is larger than 
the number of the non-concentric lens surfaces in the scanning lens 
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device 50, 

Further, in the embodiment shown in FIG. 10, all the lens 
surfaces of the scanning lens device 50 are formed into a high-order 
aspherical surface. The high-order aspherical surface of each of the 
lens surfaces of the scanning lens device 50 in the main-scanning 
cross-section is defined by the formula which is the same as that 
given in the previous embodiment of FIG. 1. The high-order 
aspherical surface of each of the lens surfaces of the scanning lens 
device 50 in the sub-scanning cross-section is not related to the 
aspect of the present invention, and a description thereof will be 
omitted. 

The following provides specific values of the optical system 
parameters of the optical scanning device of the fourth preferred 
embodiment: 

The distance between the reflection point of the deflector 40 
and the first surface (Rl) of the first scanning lens 51 is 65.1 mm. 
The first surface (Rl) of the first scanning lens 51: 

R -870,3 

K 0. 

M4 -1.69E-10 

M6 -6.58E-12 

M8 -8.14E-16 

MIO -5.03E-20 

M12 8.58E-24 
(wherein "R" indicates a radius of curvature of the aspherical 
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surface paraxial to the optical axis of the scanning lens device 50, 
"K" indicates a "conical" coefficient, and "M4", "M6", .... "M12" 
indicate high-order coefficients.) 

The second surface (R2) of the first scanning lens 51: 

R -124.47 

K -2.70 

M4 -1.91E-07 

M6 2.07E-12 

M8 -6.95E-16 

MIO -l.OlE-19 

M12 -I.65E-23 
The thickness of the first scanning lens 51 across the optical 
axis is 29.8 mm. 

The distance between the first scanning lens 51 and the second 
scanning lens 52 is 54.2 mm. 

The first surface (R3) of the second scanning lens 52: 

R -263.7 

K 0.0 

M4 7.80E-09 

M6 5.74E-13 

M8 -5.64E-18 

MIO -2.21E-21 

M12 6.33E-26 

M14 -6.66E-30 

M16 -1.43E-34 
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The second surface (R4) of the second scanning lens 52: 
R -430.5 
K -32.8 
M4 1.32E-10 
M6 4.39E-13 
M8 -2.49E-17 
MIO -3.56E-22 
M12 -4.16E-26 
M14 -6.25E-30 
M16 -2.42E-35 
The thickness of the second scanning lens 52 across the 
optical axis is 11 mm. 

The distance between the second surface (R4) of the second 
scanning lens 52 and the image surface 60 is 170.0 mm. 

The refractive index "Nd" of each of the scanning lens 51 and 
52 (d-line) is 1.53046. 

The refractive index "N408" of each of the scanning lens 51 
and 52 (reference wavelength = 408 nm) is 1.54598. 

The Abbe's number "vd" of each of the scanning lens 51 and 
52 (d-line) is 55.8. 

FIG. IIA and FIG. UB show the main-scanning field- 
curvature and linearity characteristics of the optical scanning device 
of FIG. 10. 

As shown in FIG. IIB, the maximum amount of linearity (Lm) 
over the entire image surface (around the point corresponding to the 
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image height Y = ±105 mm) is about +1.6%, and the amount of 
linearity (Le) at the outer peripheral end of the image surface 
(corresponding to the image height Y = ±150 mm) is about -0.3 %. 

FIG. 12 shows the lens height vs. lens power characteristics of 
the second scanning lens 52 of the optical scanning device 50 of FIG. 
7. As shown in FIG. 12, the second scanning lens 52 is configured 
to have a distribution of lens power over lens height in which the 
lens power is gradually decreased from the center of the lens height 
(H = 0) to an inflection point (H = ±80 mm) near the outer 
periphery of the lens height, and the lens power is rapidly increased 
from the inflection point to the outer periphery of the lens height. 

FIG. 13 shows the lens height vs. converging effect 
characteristics of the second surface (R4) of the second scanning 
lens 52 of the optical scanning device 50 of FIG. 10. As shown in 
FIG. 13, the second surface (R4) of the second scanning lens 52 is 
configured to have a distribution of radius of curvature over lens 
height in which the radius of curvature in the main scanning 
direction is gradually increased from the center of the lens height (H 
= 0) to an inflection point (H = ±80 mm) near the outer periphery of 
the lens height, and the radius of curvature is rapidly decreased from 
the inflection point to the outer periphery of the lens height. The 
second surface (R4) of the second scanning lens 52 is the nearest 
one among the lens surfaces of the scanning lens device 50 to the 
image surface. The increase of the radius of curvature as in the 
distribution of FIG. 13 means the decrease of the converging effect 
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of the scanning lens. 

In the optical scanning device of the present embodiment, the 
when the beam spot is located near the center of the image surface in 
the main scanning direction, the pixel clock generating unit 80 
generates the pixel clock at the initial frequency. As shown in FIG. 
IIB, the linearity at the center of the image surface is nearly equal 
to zero. The frequency dividing unit 90 generates the secondary 
frequency of the pixel clock at its output, which is equal to the 
initial frequency of the pixel clock at its input divided by eight (the 
divisor integer = 8). The pixel clock output from the frequency 
dividing unit 90 is supplied to the laser writing unit 70 concurrently 
with the image signal. The laser writing unit 70 controls the light 
source 11 (the laser diode) so that the light source 11 is turned on 
and off in accordance with the image signal based on the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 90. Hence, the light source 11 emits the laser light beam based 
on the secondary frequency. In this condition, the electrical 
correction unit 90a does not act to adjust the secondary frequency of 
the pixel clock at the output of the frequency dividing unit 90. 
Namely, the secondary frequency, which is the frequency at which 
the ON/OFF state of the light source 11 is controlled by the optical 
writing unit 70, is set at one-eighth of the initial frequency of the 
pixel clock generating unit 80. 

When the beam spot is located near the maximum-linearity 
point of the image surface (image height Y = ±105 mm), the 
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electrical correction unit 90a adjusts the secondary frequency of the 
pixel clock at the output of the frequency dividing unit 90 with 
respect to each of respective pixels included in the image signal. As 
shown in FIG. IIB, the linearity at the maximum-linearity point of 
the image surface (image height Y = ±105 mm) is set at about 1.6 %. 
In this condition, L = 1.6 % = 1.6/100 = 1/64 = 1/(8x8). 
Specifically, the electrical correction unit 90a controls the frequency 
dividing unit 90 such that the secondary frequency of the pixel clock 
at the output of the frequency dividing unit 90 is set at one seventh 
of the initial frequency of the pixel clock generating unit 80 (i.e., 
the divisor integer is seven) at the rate of 1 : 8, and the secondary 
frequency is set at one eighth of the initial frequency (i.e., the 
divisor integer is eight) at the rate of 7 : 8. 

When the beam spot is located near the outer peripheral end of 
the image surface in the main scanning direction (image height Y = 
±150 mm), the electrical correction unit 90a adjusts the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 90 with respect to each of respective pixels included in the 
image signal. As shown in FIG. IIB, the linearity at the outer 
peripheral end of the image surface (image height Y = ±150 mm) is 
set at about -0.3 %. In this condition, L = -0.3 % = -0.3/100 = - 
1/328 = -1/(8x41). Specifically, the electrical correction unit 90a 
controls the frequency dividing unit 90 such that the secondary 
frequency of the pixel clock at the output of the frequency dividing 
unit 90 is set at one ninth of the initial frequency of the pixel clock 
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generating unit 80 (i.e., the division divisor integer is nine) at the 
rate of 1 : 41, and the secondary frequency is set at one eighth of the 
initial frequency (i.e., the divisor integer is eight) at the rate of 40 : 
41. 

5 According to the optical scanning device of the above- 

described embodiment, it is possible to provide good performance 
for the optical characteristics by using the electrical correction unit 
that obtains the uniform-velocity characteristics with the use of a 
certain amount of the linearity at the outer peripheral end or the 
^ 10 maximum-linearity point of the image surface. 

m In the above-described embodiments, the secondary frequency 

yi is set at one-eighth of the initial frequency of the pixel clock 

s generating unit 80. Alternatively, the secondary frequency may be 

U 

set at one sixteenth of the initial frequency of the pixel clock 
01 15 generating unit 80. In such alternative embodiment, it is possible to 
increase the accuracy of adjusting of the secondary frequency at 
which the ON/OFF state of the light source is controlled by the 
optical writing unit 70. 

In the above-described embodiments, the present invention is 

20 applied to a single-beam scanning device only. However, the 

present invention is not limited to these embodiments. The optical 
scanning device of the present invention may be applied to a multi- 
beam scanning device as well, and, in such a case, it is possible to 
provide a high-speed image forming system by incorporating the 

25 optical scanning device of the present invention therein. 
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The present invention is not limited to the above-described 
embodiments, and variations and modifications may be made without 
departing from the scope of the present invention. 

Further, the present invention is based on Japanese priority 
application No, 2000-339241, filed on November 7, 2000, and 
Japanese priority application No. 2001-078550, filed on March 19, 
2001, the entire contents of which are hereby incorporated by 
reference. 



